A study is presented of 1,000 cases of predominant mitral stenosis operated by valvuloplasty between 1949 and 1956. It is shown that the survival of these patients is better than would have been expected under medical management. 
A study is presented of 1,000 cases of predominant mitral stenosis operated by valvuloplasty between 1949 and 1956. It is shown that the survival of these patients is better than would have been expected under medical management. Sixty-nine per cent of the survivors of the operation in groups II and III improved, and 55 per cent in group IV. Factors influencing the late results are discussed. After substantial improvement lasting a year or more, 228 of this series deteriorated; the factors affecting this deterioration are discussed, of which mitral insufficiency, rheumatic fever are the most striking.
T HE present study is a report of the clinical results in The results in the first 500 patients in this series followed for a shorter period of time and a preliminary statement of some of the results of the entire group of 1,000 have been previously published. [3] [4] [5] [6] The classification employed' roughly corresponds to the functional classification of the New York Heart Association, but it is designed to represent a more dynamic picture ELLIS, HARKEN, BLACK of the course of the patient's illness. This series included no patients in group I, that is patients without significant symptoms. Nineteen were in group II; these were patients somewhat handicapped by symptoms from their disease but who were able to carry on a sedentary occupation successfully and in whom the condition was not progressive. In 4 of these patients who did not have severe symptoms of cardiac disability the primary indication for operation was one or mo e peripheral emboli. Group III included patients suffering mainly from pulmonary symptoms, which were usually progressive in nature, and were sufficiently handicapped, so that ordinary activities were significantly limited. If these patients had had overt congestive failure, it had been because of some unusual precipitating cause such as pregnancy or a serious infection and they had rapidly recovered from it. There were 711 in this group. Group IV comprised cardiac patients with more severe symptoms who were mostly cardiac invalids suffering from chronic congestive failure or who were maintained in a precarious state of compensation only by vigorous medical means There were 270 in this group.
In 58 of the patients included in this series, a second operation was performed by us for mitral stenosis and in 1 patient 3 operations were done. We originally operated on 49 of these patients, and in 10 the operation had been previously performed elsewhere. In these patients the clinical evidence prior to the seeond operation pointed toward significant mitral stenosis and the operation was performed with a view toward carrying out a mitral valvuloplasty. Five patients in this series have had a second operation for mitral stenosis performed by other surgeons. Five have been reoperated on by us for mitral insufficiency, and in a an exploratory eardiotomy has been performed. In 2 a second operation for the correction of aortic stenosis has been carried out. This series includes 17 patients who have been counted twice and 1 who was counted 3 times. Hence, the number 1,000 refers to the number of operations rather than the number of patients. In the remaining 41 who were reoperated on, only 1 operation is included in this series, the other beincg done either before or after this series of 1,000 or was carried out elsewhere.
Twenty-one patients were operated on while they were pregnant and there were 3 deaths among them. Although this represents a special group, in a consideration of operative mortality, pregnancy does not alter the late results. In the follow-up studies these patients have been included with the others. patients of whom none was alive at 8 years.
The survival rates have also been analyzed according to age, sex, and rhythm. Total survival curves for each of these classes are not shown in detail. The survival rates of patients at the end of 5 years are shown in table 5.
The survival of female patients is somewhat better than of males; those in normal rhythm do better than fibrillating patients; and younger patients in group III survive longer than do those who are older. The only one of the differences, however, which is statistically significant is the sex difference in group III (p < .01).
LATE DEATHS Ninety-five patients have died since operation. The causes of the deaths are given in table 6. Eleven died of conditions clearly unrelated to their heart disease. Two of these, however, were patients in which death might be considered related to the operative procedure, including 1 death 21/2 months following surgery from hepatitis, which might have been homologous serum jaundice acquired from a transfusion at the time of surgery, and had these on the basis of emboli dislodged from the heart, though some of these may have been due to independent vascular disease of the brain. In the calculation of the survival curves all deaths have been included, whether or not they were of cardiac origin.
FOLLOW-UP STUDIES Follow-up Procedure
Nine hundred thirteen patients survived operation. All but 2 have been followed for at least 1 year or more, up to July 1, 1958 , at which point the analyses were made. Of the patients followed for at least 1 year, 1 has been lost to follow-up for 5 years, 3 for 4 years, 1 for 3 years, and 8 for 2 years. Ninety-three have been delinquent in follow-up less than 2 years, but most of these patients are merely overdue in their annual follow-up question- naire by 1 or 2 months. In addition the 48 patients who have had a second cardiac operation have been dropped from the series as unimproved at that point and hence are technically "lost to follow-up. " All of the remainder have been followed up to the latest anniversary of their operation. All patients have been followed by annual questionnaires so worded as to obtain not only the subjective opinion of the patient concerning his improvement but to provide evidence from which an estimate can be made as to whether the patient is capable of carrying on with less disability than he had prior to operation. In addition all other obtainable data concerning these patients have been utilized. These include personal examinations of a large number of these patients, letters from doctors, hospital reports, and so forth.
In a previously reported study '8 
CRITERIA OF IMPROVEMENT
Patients have been classed as markedly improved, moderately improved, slightly improved, unchanged, and worse. Markedly improved patients are those who have gone up 2 grades in the American Heart Association classification or the few group-II patients who have lost all their symptoms. Thus patients who were originally in group III are considered markedly improved if they are now in class 1 of the American Heart Association classification, and for the group-IV patients an improvement into class 1 or 2 of the American Heart Association classification would justify a grading of markedly improved. Moderately improved patients are those who have improved 1 grade in the American Heart Association classification. For the sake of the analysis in the following discussion patients who are moderately to markedly improved have been classed together as "significantly improved" or as "improved"; those who are only slightly improved, unchanged, worse, or dead are considered as "unimproved." CUMULATIVE IMPROVEMENT Figure 3 shows the improvement of the patients at each year of follow-up. This improvement is calculated on the basis of the follow-up of each patient at each anniversary of his operation for the total period of followup. In a few patients where there has been a hiatus of more than 1 year between 2 followup reports, the state of improvement reported at the first follow-up has been considered to have been maintained to the year preceding the next time that information is available by GROUPS E AND m GROUP 17 a follow-up report, unless it is clear from the information on the last follow-up just when any change in status occurred.
The improvement in both groups III and IV has tended to drop somewhat with succeeding years of follow-up. To some extent this may be due to the obvious fact that those patients who have been followed for the longest time are also those who were operated on early in our experience with this operation, and the operative attack on the valve may have been less adequate at that time. While the quality of surgery undoubtedly improved progressively in this series no fundamental changes in technical principles were made until early in the second thousand operations. The tendency for the improvement to become less over the years represents at least in part the inevitable ravages of the disease process.
Residual damage to the cardiac muscle, pulmonary vasculature, liver, and so forth may have persisted and left its effect, particularly in the group-IV patients. In addition, other factors which may be present are an operative fracture which was less than adequate; restenosis; mitral insufficiency; associated valvular disease, and recurrent rheumatic activity. A more detailed analysis will be made later in this report of the factors affecting the deterioration of patients who previously have been significantly improved. symptoms not directly related to the status of their cardiac compensation. Some of these symptoms comprise a syndrome that has been reported under the term of "postoperative" or "postcommissurotomy syndrome," and is characterized chiefly by exacerbation of pain in the chest of varying types, with fever. There may be evidence of pericarditis, pleuritis, and pneumonitis in varying degrees. In our experience this situation has been benign and self-limited, lasting a week or 2 and has not appeared to be affected particularly by the type of therapy given, such as acetylsalicylic acid, penicillin, or adrenal steroids. The syndrome is considered by some to be an activation of rheumatic infection. In our experience, however, clear-cut evidence of rheumatic fever occurs in only a minority of patients. The syndrome tends to be recurrent and may appear for the first time several years after surgery and recurrences may occur over several years. The relation, therefore, to the surgical procedure is obscure. It has been pointed out by Ito, Engle, and Goldberg17 that this syndrome also occurs in patients with nonrheumatic heart disease who have had intracardiac surgery involving opening of the pericardium and it is their opinion that this may represent recurring nonspecific pericarditis. We have no evidence bearing on this point, except that we have no patients with pericardial effusions in the postoperative period or later.
Since most of these patients have returned to their homes and have been observed by their local doctors, and only occasionally personally by us, the reported incidence of this syndrome cannot be accurate, and may include some cases of pneumonia or other respiratory infections as well as pulmonary infarctions.
The incidence of the postoperative syndrome occurring in these patients was 30.8 per cent (30.4 per cent for group III and 32.2 per cent for group IV). This is comparable to that previously reported for the first 500 patients of this series followed for a shorter time3 as well as reports of others. It is of interest, however, that the over-all improvement of patients suffering from the postoperative syndrome is essentially the same as for the groups as a whole (68 per cent in group III and 51 per cent in group IV).
Many patients complain also of vague joint pains. Whether the incidence of such joint pains is any higher in this group of patients than it would be in any other carefully followed group of middle-aged people with chronic disease is uncertain. We have divided our patients into those who have suffered from arthralgias only, and those who had a clear-cut arthritis, sometimes of the rheumatoid type, but with no clear evidence of rheumatic fever. A history of arthralgia or of arthritis did not affect the results strikingly, but in both groups III and IV the patients in whom rheumatic fever was diagnosed did poorly. This will be discussed in a later section.
IMPROVEMENT IN In a previous study20' 21 the relationship of the presence of Aschoff bodies in biopsies of the left atrial appendages to the clinical findings was reported. The present study confirms the previous one. The biopsy reports utilized in the present study were routine reports received from the pathologic laboratories of the several hospitals concerned. No attempt was made to have the microscopic findings reviewed by a single pathologist as was the case in the earlier study. A total of 632 biopsy reports are available from this series of 1,000 cases. In the group-III patients 43 per cent were positive. In group IV the incidence of positive biopsies was 20 per cent. Table 9 shows that the incidence of positive biopsies is greatest in the younger age groups and falls progressively with increasing age but is still 21 per cent in the 50 to 59 decade group in group III and 18 per cent in group IV. The Two hundred twenty-eight of the patients in this study have become worse after having been significantly improved, that is "markedly" or "moderately," for at least 1 year after valvuloplasty. For the sake of this analysis, the definition of "deterioration" is that they have slipped by at least 1 class, according to the American Heart Association classification. Sixty-two of these patients slipped only from "markedly" to "moderately" improved, and hence would still be classed in the "improved" category. The remaining 166 deteriorated from either being originally "markedly " or " moderately " improved into the "unimproved" classification; that is, they are now either only " slightly " improved, their condition is unchanged as compared to the preoperative state, they are worse, or dead. Of these patients, 48 have died since operation. and 45 have been reoperated on for mitral valvular disease. These patients were not all personally observed by the authors at the time of their deterioration; evidence for their deterioration was obtained in some from their answers to annual questionnaires or from letters from their physicians.
There are a number of factors that may have been of importance in these 228 patients in producing the deterioration of these patients. Many of these occurred in combination. In 56 mitral insufficiency was present, either alone or in combination with other fae- 10 there is shown a comparison of 3 groups of patients all of whom have been followed for 5 years and thus can be compared on a statistical basis. It will be seen that patients from the present group who deteriorated after substantial improvement as well as patients who failed to improve at all exhibited mitral insufficiency at the time of operation much more often than did patients who showed a maintained itil piov(ement (p less than 0.01). There is no significant difference between the patients who deteriorated and those who failed to improve.
The incidence of mitral insufficiency in these 3 groups has also been compared among all of the patients at the time of their latest followup and a trend similar to that shown in the 5-year group is apparent. The relatively lower *Patients in whom it was impossible to assess adequately the quality of the operative procedure have been omitted from consideration.
incidence of mitral insufficiency in the deteriorated group may possibly be due to the fact that mitral insufficiency takes time to produce its ravaging effect and the follow-up figures for the entire group include many patients followed less than 5 years.
At the time of operation, the surgeon was frequently unable to accomplish a fully satisfactory correction of the stenosis. This failure may have been due to conditions beyond his control, such as marked rigidity of the valve cusps, or widespread calcification or extreme shortening and fusion of the chordae tendineae. It is to be expected that with increasing experience a surgeon will become more skillful in effecting the maximum amount of correction while avoiding the production of insufficiency. There were 38 patients in the group of 228 who deteriorated, in whom an adequate correction of mitral stenosis was not effected at the time of operation, and 66 more in whom the correction was less than satisfactory. In This table also shows the results at the latest follow-up of all patients. Although the same trends are evident, the percentage figures are lower in all categories. This is due to the fact that the over-all follow-up also includes patients operated on in the last half of the series, who have been followed less than 5 years. The number of unsatisfactory operations performed in these recently operated patients was lower than in the earlier half of the series. Indeed the number of unsatisfactory operations in the earlier group is higher than it appears, for the surgeon must have at times failed to recognize an unsatisfactory valvuloplasty. With greater experience the surgeon becomes more exacting in his acceptance of "an adequate operation."
The role of rheumatic fever in causing deterioration in patients is even more striking. There were 38 patients in the group of 228 who had rheumatic fever sometime after surgery. Of those followed for 5 years, 19 per cent deteriorated after substantial improvement (table 12) . In contrast, only 1.5 per cent of the patients showing maintained improvement and 9 per cent of those who failed to improve at all gave evidence of rheumatic fever. The differences between patients showing maintained improvement and the other 2 groups are significant (p less than 0.01) but the difference between deteriorated patients and those who failed to improve is not statistically significant (p 0.10 to 0.05).
It is of course often difficult to make a clear-cut diagnosis of rheumatic fever in adults, and most of these patients were not personally seen by us. A diagnosis of rheumatic fever was only accepted in these pa- sufficiency which was thought to be minimal or even not to exist at all at a first operation had become a major factor at the time of reoperation. If this is true also in regard to the entire group of 228 who deteriorated, it is evident that mitral inisufficienc(y may well play an even more important role than was indicated by the 22 per cent incidence found in this croup at surgery. The implication of this findingg in connection with patients who are being considered for re-operation for mitral steiiosis is obvious, as, well as for surgery iii nmitral stenosis in ge(nieral. It is evident that signiificanit mitral insufficiency may be produced by the surgeon at operation and this may constitute a warning agrainist too exteiisive or poorly directed fracture of valves ili an effort to produce a complete relief of the stenosis. This also means that patients who have deteriorated and are beimig considered for re-operation inust be scrutinized very (arefully for the presence of initral inisufficienecy before a second operation for mitral stenosis, since the major problem may really be mitral incompetence rather than stenosis and the conventional operation will not suffice.
Thirdly, this study shows how-important is the quality of the technical performance. Not only must the production of mitral insufficiency be avoided but inadequate surgery for the relief of stenosis must also be avoided since the patients with unsatisfactorily performed mitral valvuloplasties deteriorate in a much higher percentage than do those inl whom a good job was done.
Fourthly, the factor of predominant myocardial failure may well exist in many of these patients.
Finally 
